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ABSTRACT
Objectives.  This study investigated the associations between poverty rates, 
Appalachian mountaintop coal mining, and age-adjusted total mortality rates to 
determine if persons exposed to this form of mining experience greater poverty and 
higher death rates compared to other types of mining or other areas of Appalachia.
Methods.  Mortality rates, poverty rates, Appalachian designation and mining 
activity were examined for counties in Kentucky, Tennessee, Virginia and West Virginia 
(N=403).  Linear least squares models tested for annual group differences from 
2000-2007 in total and child poverty, and total mortality, based on mining type and 
Appalachian location.  Nested linear models accounting for state-level effects were used 
to determine whether mountaintop mining and poverty were associated with mortality 
rates controlling for other risks.
Results.  Mountaintop mining areas had significantly higher mortality rates, total 
poverty rates and child poverty rates every year compared to other referent counties 
of these states.  Both poverty and mountaintop mining were independently associated 
with age-adjusted mortality rates in nested models.
Conclusions.  Persons living in MTM areas experience persistently elevated 
poverty and mortality rates.  Higher mortality is independently associated with 
both poverty and MTM, the latter effect suggestive of a possible environmental 
contribution from mining activities. Efforts to reduce longstanding health 
disparities in Appalachia must focus on those areas where disparities are 
concentrated: the Appalachian coalfields. 
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BACKGROUND
The relationship between poverty and population health disparities including premature mortality 
is well established (Shaw & Smith, 2006).  For example, a recent study found that poverty had a larger 
impact on reducing quality-adjusted life years than more traditional public health and health services 
variables including smoking, obesity, binge drinking, and health insurance (Muennig, Fiscella, 
Tancredi, & Franks, 2009).  There is increasing recognition in the United States and internationally for 
the critical need to focus public health efforts on the fundamental determinates of population health 
including socioeconomic disadvantage (Aday, 2005).   
The Appalachian region of the United States contains all of West Virginia and parts of 12 other 
states extending from southern New York to northern Mississippi, and has a population of almost 
25 million people (ARC, 2007).  Persons living in Appalachia are known to experience adverse health 
outcomes at greater rates compared to national averages (Barnett, Halverson, Elmes, & Braham, 
2000; Wingo, et al., 2008) and this disparity is due in part to socioeconomic disadvantage (Hendryx & 
Ahern, 2009).  The National Institutes of Health recognizes Appalachia as a priority area in efforts to 
reduce and eliminate health disparities (Zerhouni & Ruffin, 2002).
Coal has been mined in Appalachia since the 1700s.  Within the last approximately 30 years, a 
form of surface coal mining called mountaintop mining (MTM) has become widespread in parts of 
central Appalachia including areas of Kentucky, West Virginia, Virginia and Tennessee, with most 
of this activity occurring since 1995 (Skytruth, 2009). Surface mining as a percent of total mining 
has correspondingly increased over this time (Freme, 2008).  The MTM process involves stripping 
vegetation and topsoil from ridges and peaks, using explosives to remove up to hundreds of feet of 
rock above and between the coal seams, and disposing of excess rock into adjacent valleys.  MTM has 
deforested approximately 2,000 square miles, and permanently buried 2,000 miles of Appalachian 
headwater streams (EPA, 2010; McQuaid, 2009).  The evidence is strong that MTM is highly polluting 
to the air and water of local environments during and after mining activity (EPA, 2010; Hitt & Hendryx, 
2010; McAuley & Kozar, 2006; Palmer, et al., 2010; Pond, Passmore, Borsuk, Reynolds, & Rose, 2008).  
One motivating factor in the attractiveness of this form of mining for coal companies is the 
reduced labor costs of surface MTM sites relative to underground mines.  Surface coal mines require 
fewer employee hours per ton of coal than underground mines (Freme, 2008).  Corresponding to an 
increase in surface mining practices, the number of mining jobs in Appalachia has declined by more 
than 50% between 1985 and 2008 (Freme, 2008).  These declining economic opportunities place the 
population at greater risk for layoffs, job loss (with corresponding multiplier effects through local 
economies), and poverty. 
Appalachian health disparities are well recognized but not all Appalachians are exposed to the 
same socioeconomic or environmental risks.  Previous studies have documented health disparities 
in mining areas of Appalachia in general or in West Virginia specifically (e.g., Hendryx, 2008; Hendryx 
& Ahern, 2008; 2009; Hendryx, O’Donnell & Horn, 2008; Hitt & Hendryx 2010; Hendryx & Zullig, 2009) 
but these studies have not examined effects specific to MTM.  The current study examines whether 
the Appalachian subpopulation residing in MTM areas experiences greater poverty risks than other 
areas, and whether both poverty and MTM risks are related to health outcomes as measured by 
mortality rates.  Results of the study have implications for efforts to reduce disparities and promote 
environmental justice for a vulnerable population.
METHODS
Design.  The study is an analysis of the associations among county-level poverty rates, coal 
mining, and mortality rates for the four-state region of Kentucky, Tennessee, Virginia and West 
Virginia.  Some but not all of the counties in the four states included in this study are in Appalachia.  
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Appalachian counties were defined by Appalachian Regional Commission designations in place in 
2006.  Some analyses, described below, examine trends over the years 2000-2007, and some analyses 
collapse mortality rates across years. 
Data and Variables.  Coal mining data were obtained from the Energy Information 
Administration (EIA) (Freme, 2008) and from satellite imagery to identify MTM areas (Skytruth, 2009).  
Coal mining activity was recorded from the EIA for the years 2000-2007 based on any coal mining 
(surface or underground) over that time.  MTM occurs in a contiguous geographic area that includes 
parts of southern West Virginia, eastern Kentucky, western Virginia, and eastern Tennessee.  MTM is 
identified from satellite imagery as a surface mining site that crosses over a ridge or mountain peak, 
and that either 1) spans at least 320 acres including at least 40 acres of removed ridge top or 2) spans 
40-320 acres and contains at least 10-40 acres of ridge top (Skytruth, 2009).  A county was classified 
as an MTM county regardless of the number or size of MTM sites or whether the site was historical or 
active over the study period.  The satellite imagery was last updated in 2005.  Each county was thus 
classified into one of three groups: MTM county, coal-mining county but outside the MTM area, or 
non-mining county.  Figure 1 presents a map of the four state area with county mining designations.
The primary focus of the study was on poverty and MTM.  However, I examined a set of additional 
covariates as well.  The choice of which covariates to include was based on previous research on this 
topic, and on additional prior evidence that the selected variables (poverty, high school and college 
education rates, smoking rates, African American race, metropolitan setting, and obesity rates) exert 
the strongest influences on population health outcomes including mortality (Muennig, et al., 2009; 
Woolf, Johnson, & Geiger, 2006; Woolf, Johnson, Phillips, & Philipsen, 2007).  I did not include other 
race or ethnicity groups in addition to African Americans because of small population sizes of these 
groups in most parts of these states.
Poverty and other demographic data were taken from the 2008 Area Resource File (ARF, 2008) 
which in turn is based on US Census data and Census estimates.  Poverty rates included those for the 
entire population, and rates specific to children aged 0-17, for each year 2000-2007.  Education rates 
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and percent African American population were based on 2000 Census data.  Metropolitan status (yes/
no) was taken from the ARF based on US Department of Agriculture (USDA) rural-urban continuum 
codes in place in 2003.  Adult smoking rates were obtained from Behavioral Risk Factor Surveillance 
System (BRFSS) survey data for 2003 and 2006 as reported on the BRFSS website (CDC, 2007) and 
on state-specific public health department websites.  Adult obesity rates as measured in 2007 were 
obtained from the USDA’s Food Atlas (USDA, 2010).
Total age-adjusted mortality rate per 100,000 was found for the years 2000-2007 from CDC public 
data (CDC, 2008).  Rates were age-adjusted to the US Standard 2000 population.  Mortality from 
all internal causes was included; mortality from external causes (injury, homicide, and suicide) was 
excluded.  
I included poverty for the period of time 2000-2007 because earlier poverty figures were 
calculated differently on the ARF and did not seem consistent when compared to more recent 
figures, and 2007 was the most recent year available.  I included mortality for the period 2000-2007 
to begin with the same year as the poverty data and ending with the most recent data available on 
the CDC public database.  I included mining data for 2000-2007 to coincide with these other data.  
There were eight counties that had small amounts of non-MTM mining in the years 1994-1999 but no 
mining during 2000-2007; these counties were classified into the non-mining group for the current 
study.  The timing for the various measures are not the same, but were collected to represent the 
same time period as much as possible given data availability.
Two alternative classifications of counties were created to examine mining-related effects.  The 
first consisted of three groups: MTM counties, other coal mining counties, and the remaining non-
mining counties.  The second consisted of three groups: the same MTM counties (all of which are 
in Appalachia), other Appalachian counties, and the remaining non-Appalachian counties.  These 
alternatives provide a test of MTM effects relative to 1) other mining and 2) general Appalachian 
effects.  Although most mining in these four states occurs in Appalachia, there is a non-Appalachian 
mining area in western Kentucky, and there are areas of Appalachia without coal mining.
Analysis. Analyses included least squares models using the SAS GLM (General Linear Models) 
procedure to examine total and childhood poverty rates each year for the years 2000-2007 by county 
groups, and to examine total age-adjusted mortality rates for the years 2000-2007 by county groups.  
Overall F values were found for each year and each comparison, followed by post-hoc Ryan-Einot-
Gabriel-Welsch multiple range tests to compare the three group means controlling for Type I error.  
The second major analysis examined total age-adjusted mortality as the dependent variable, 
with mining and poverty as the primary independent variables of interest, controlling for other 
covariates.  Mining was treated as a categorical variable (MTM, other mining, and non-mining as 
the referent.)  These models were run using SAS Proc Mix, with mining as a random variable nested 
within a fixed state effect.  This nested structure allows for possible within state correlated effects that 
may relate to state differences in environmental or health policies.  A sandwich estimator was used 
to calculate robust standard errors.  Prior to conducting these models, covariates were examined for 
multicollinearity and high-school education was dropped from further analysis because it correlated 
highly with poverty.  Models examined the mean age-adjusted mortality rate for the combined years 
2000-2007 in relation to MTM county (yes/no), non-MTM mining county (yes/no), total mean poverty 
rate for the years 2000-2007, percent African American, adult obesity rate, adult smoking rate, college 
education rate, and county designation as metropolitan or non-metropolitan. Three models were 
examined.  Model 1 included only MTM and non-MTM mining as the independent variables, Model 2 
added poverty, and Model 3 added other covariates.
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RESULTS
A total of 403 counties with complete data on the measures of interest were included in the 
analysis.  Divided into groups on the basis of mining, there were 37 MTM counties, 44 other mining 
counties, and 322 non mining counties.  Divided into groups based on Appalachian status, there 
were the same 37 MTM counties in Appalachian areas, 148 other Appalachian counties and 218 non-
Appalachian counties.
Poverty rates in the MTM areas were significantly higher in every year 2000-2007 compared to 
other areas (Table 1).  This was true for both total and child poverty rates, and when the comparisons 
were based on other mining or on other Appalachian areas.  Age-adjusted mortality rates were also 
significantly higher every year 2000-2007 in MTM areas for both comparisons (Table 1).  The model 
F value for every test was significant at p<.0001, and group differences described in the Table were 
based on post-hoc means tests controlling for Type I error rates.  Figure 2 provides an example of 
one of these results over time, for the data at the bottom of Comparison 1 concerning mortality rates 
for MTM, other mining, and non-mining counties; this figure shows that non-MTM areas were not 
different from non-mining counties, but illustrates the significantly higher annual mortality rates 
present in MTM areas compared to both other groups.
Table 1. Adult poverty rates per 10, child poverty rates per 100, and total age-adjusted 
mortality rates per 100,000 for mountaintop mining (MTM) areas compared to other mining, 
non-mining, Appalachain, and non-Appalachain counties, years 2000-2007
Comparison 1: MTM vs Other-Mining vs Non-Mining
   2000 2001 2002 2003 2004 2005 2006 2007
Adult poverty rate
MTM  22.8** 23.5** 23.4** 22.1** 23.3** 26.8** 25.5** 25.4**
Other-mining 17.7 18.6 18.4 17.8 19.0 21.3 20.7 20.9
Non-mining  12.9 13.4 13.7 13.4 14.0 15.3 15.3 15.3
Child poverty rate
MTM  30.9** 30.6** 32.7** 33.0** 32.0** 37.4** 35.0** 34.6**
Other-mining 24.5 25.1 26.0 26.1 26.1 29.4 28.7 28.8
Non-mining  18.1 17.9 18.6 19.4 18.9 21.2 21.1 21.2
Mortality rate per 100,000
MTM  1023* 1037* 1041* 1021* 987* 991* 986* 950*
Other-mining 950 926 931 923 877 892 854 833
Non-mining  917 895 894 891 844 853 820 810
Comparison 2: MTM vs Other Appalachian vs Non-Appalachian 
   2000 2001 2002 2003 2004 2005 2006 2007
Adult poverty rate
MTM  22.8** 23.5** 23.5** 22.2** 23.3** 26.8** 25.5** 25.4**
Other-Appalachian 16.1 16.8 16.8 16.1 17.0 19.1 19.0 18.9
Non-Appalachian 11.8 12.1 12.5 12.5 13.0 14.0 13.9 14.0
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Child poverty rate
MTM  30.9** 30.6** 32.7** 33.0** 32.0** 37.4** 35.0** 34.6**
Other-Appalachian 22.3 22.7 23.3 23.8 23.2 26.5 26.4 26.1
Non-Appalachian 16.5 16.1 16.9 17.8 17.4 19.2 19.1 19.4
Mortality rate per 100,000
MTM  1023* 1037* 1041* 1021* 987** 991** 986* 950*
Other-Appalachian 924 900 912 911 869 883 840 823
Non-Appalachian 919 893 890 883 834 841 814 806
* MTM significantly higher (p<.05) than other two groups, and other two groups not significantly  
 different from each other.
** All three groups significantly different (p<.05) from each other.
Figure 2. Age-adjusted mortality rates per 100,000 for the years 2000-2007 for counties in 
MTM areas, other mining, and non-mining counties, Kentucky, Tennessee, Virginia and West 
Virginia.
Table 2 shows the results of the nested linear models with robust standard errors.  In Model 1, 
MTM was associated with significantly higher mortality rates compared to the non-mining referent, 
but other mining areas were not different from the referent.  When the significant effect of poverty 
was added to Model 2, the effect of MTM was reduced but remained significant.  Adding additional 
covariates in Model 3 did not alter the significant effects of MTM and poverty.  Although not shown 
in Table 2, comparing MTM to the Appalachian and non-Appalachian groups also resulted in 
significantly higher MTM mortality rates in all three models.  
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Table 2.  Model results for total age-adjusted mortality per 100,000 in relation to mountaintop 
mining (MTM) activity, poverty, and other covariates, for Kentucky, Tennessee, Virginia and 
West Virginia (N=403).  
               Model 1        Model 2               Model 3 
    Independent variable              Coefficient     Coefficient                Coefficient
                (standard error)        P<   (standard error)         P<              (standard error)      P<
    Mountaintop mining (MTM)        127.2 (18.3)              .0001       51.3 (18.4)         .022               63.0 (13.8)                .002
    Mining in non-MTM areas               28.2 (23.4)  .26      -12.8 (14.9)         .42              -4.5 (10.1)                 .67
    Poverty rate                                                            8.8 (1.7)                     .0001             6.2 (0.8)                   .0001
    Smoking rate                                                                                        0.6 (1.2)                   .63
    Obesity rate                                                                                        2.7 (1.2)                  .03
    Percent African American                                                      1.2 (0.1)                    .0001
    Percent with college  
    education                                                                                        -3.4 (0.3)                   .0001
    Metropolitan county                                                                      18.3 (3.0)                   .0001
DISCUSSION
Poverty is concentrated in MTM areas of central Appalachia compared to other types of mining 
activity, to other counties in central Appalachia, and to the non-Appalachian portion of these 
states.  The higher mortality rates present in MTM areas compared to non-mining areas can be 
attributed in part to poverty, but both poverty and MTM activity contribute unique variance to 
understanding mortality disparities present in central Appalachia.  This study does not attempt 
to determine whether MTM activity causes poverty, though the effects of MTM on such factors as 
depressed property values, employment declines and volatility, and foregone alternative economic 
opportunities have been previously identified (Burns, 2007; Freme, 2008; Wood, 2005).  Rather, the 
study establishes the simple fact that MTM areas have higher poverty.  Thus, residents of these areas 
are faced with the combined risks of differential exposures to potential environmental hazards in the 
context of socioeconomic vulnerability. 
Limitations of the study include those imposed by the county-level ecological design.  Data 
were not available on individual MTM exposures in relation to poverty status or mortality.  However, 
some writers have argued that, from an environmental justice perspective, it is not necessary to 
prove direct causal links between specific environmental exposures and disease outcomes, and 
that evidence at a community level of compound disadvantages imposed by poor environmental 
conditions, poverty, and other factors, is sufficient to invoke action to improve those communities 
(Kriebel, et al., 2001; Wakefield & Baxter, 2010).  
Another limitation concerns temporal and other imperfections in the data.  Most covariates 
were measured only at a single point, such as 2000 Census data, and so do not precisely correspond 
with mortality observations.  The temporal and spatial relationship between MTM activity and 
mortality is inexact as well; for example, some of the MTM activity took place years before the 
mortality observations, although the correct temporal specification between possible exposure and 
subsequent mortality is not clear and some lag would be expected, in other cases exposure could 
lead to acute exacerbation of an existing illness over a short time.  MTM was coded as a simple yes/no 
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variable regardless of its scope within a county.  To the extent that MTM affects air and water quality, 
those effects may cross county boundaries. All of these considerations (including MTM at smaller 
scales, including older and newer MTM activity, and cross-county MTM effects) would be expected to 
make observed MTM effects conservative.    
The lack of significance of the smoking variable in the regression model partly reflects its overlap 
with other covariates but also suggests that smoking rates were imprecisely measured. (In other 
analyses, results not shown, I found that smoking rates were significantly higher in MTM areas versus 
other groups, and so to the extent that this higher smoking variability has been captured, MTM 
effects remained significant after controlling for the higher smoking rates measured there.)  
Biological mechanisms by which pollution from MTM may impact health are not assessed in this 
study, and in general are poorly understood.  Given the evidence for impaired air and water quality 
involving multiple chemicals (e.g., explosive chemicals, diesel fuels, silica, coal itself and its trace 
elements), and the evidence for health disparities that include multiple disease states including 
cancer, heart disease, lung disease, and kidney disease (Hendryx, O’Donnell, & Horn, 2008; Hendryx 
2008), it may be that exposure effects vary across settings; one community may be faced with toxic 
dust from explosives and overburden at an MTM site, while another may experience contaminated 
water from coal processing or mine drainage.  It remains an important next research step to identify 
personal level exposures, doses, and resulting biological impacts.
Previous research on health disparities in relation to Appalachian coal mining has usually 
examined mining regardless of its type (that is, combining surface and underground), and has 
focused on mining either throughout Appalachia or in West Virginia (e.g., Hendryx, 2009; Hendryx 
& Ahern, 2008, 2009; Hendryx & Zullig, 2009).  The current study is one of few to examine effects 
specific to MTM areas in the several central Appalachian states.  The results show that not all areas 
of Appalachia experience the same health disparities.  Disparities are concentrated in the portion of 
central Appalachia where MTM occurs.  The National Institutes of Health has targeted Appalachia as 
part of the national effort to reduce and eliminate disparities based on race, socioeconomic status, 
rural or urban setting, region, and other variables (Zerhouni & Ruffin, 2002).  To achieve the national 
goal of eliminating Appalachian disparities, efforts must concentrate on reducing and eliminating 
disparities specifically in the central Appalachian MTM region.
For these efforts to succeed, we will need to address both socioeconomic and potential 
environmental risks faced by area residents.  Persons exposed to environmental risks are more likely 
to experience adverse health consequences when they are already vulnerable due to other risks, such 
as those imposed by poverty (Evans & Kantrowitz, 2002).  Even in the face of uncertainty regarding 
individual-level environmental exposures, prudent and reasonable efforts to reduce environmental 
risks can include stricter monitoring and enforcement of air and water quality standards, and 
restrictions on MTM practices to ensure that they occur only when adequate environmental 
quality standards can be met during mining and post-mining reclamation activities. Efforts to 
reduce poverty can include economic diversification and job creation programs; investments in 
K-12, vocational, college, and adult education; and modifications to tax structures to divert public 
dollars to geographic areas of greatest needs.  These efforts become even more important when 
we consider that coal reserves in central Appalachia are expected to peak and production to enter 
permanent decline within the next few years (Milici, 2006; Ruppert, 2001), further reducing coal’s 
economic contributions to the region. 
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